INTRODUCTION
Inflammation is a general name for reactions occurring several types of tissue injuries, infections, or immunologic stimulation as a defence against foreign or altered endogenous substances. The process of inflammation comprises of a series of changes of the terminal tissues, which tend to eliminate the injurious agents and to repair the damage tissue. The enzyme Cyclooxygenase (COX) has been implicated as a key enzyme for recruiting the inflammations. It is a membrane bound glycoprotein found in large amount in the endoplasmic reticulum of prostanoid forming cells. [1] The COX enzyme also known as prostaglandin H synthase (PGHS) or prostaglandin endoperoxide synthase (E.C. 1.14.99.1). [2] It occurs catalytically in two active forms i.e. COX-1 and COX-2. These two isoforms of COX are almost identical in structure but have important differences in substrate and inhibitor selectivity and in their intracellular locations. [3, 4] The COX-1 is constitutively expressed and involved in the production of prostaglandins that mediate basic housekeeping functions in the body. However COX-2 is an inducible and expressed in some tissue (e.g. brain and kidney), the expression of which is activated in response to cytokines, mitogenes and endotoxins in a variety of cell types. [5] These enzymes carry out two sequential reactions in spatially distinct but mechanistically coupled active sites: the double dioxygenation of arachidonic acid to prostaglandin G 2 (PGG 2 ) and the reduction of PGG 2 to PGH 2 .
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attributed with cardiovascular dysfunctions especially in patients with colorectal polyps these results were confirmed by several large pharmacoepidemiological studies. [16] [17] [18] Searching selective COX-2 inhibitors without influencing the normal physiological functions COX-1, has remained a major thrust area of anti-inflammatory pharmaceutical research. Nevertheless the anti-inflammatory agents having selective COX-2 inhibition but less reactive towards COX-1 are appreciated as novel anti-inflammatory agents in the mainstream of anti-inflammatory research. [19] Plants have been the basis of many traditional medicine systems throughout the world for thousands of years and continue to provide mankind a resource for new remedies for variety of human ailments. There are several records in traditional medicine describing the importance of medicinal plants for relief from pain and inflammation. [20] [21] [22] [23] [24] In "Ayurveda": a well known Indian traditional system, various medicinal plants are reported for their use as an anti-inflammatory agent. Since ancient times many people suffering from inflammation were treated with phytochemicals, which is evident from the discovery of first anti-inflammatory, analgesic drug aspirin obtained from the bark of willow-tree. In the last twenty-year period 50 new chemical entities with anti-inflammatory activity have entered the market, of which only 13 are semi synthetically derived from natural products and one, a protein, is of biological origin. This low number of new plant-derived drugs is not reflected in the phytomedical literature. [25] In the recent years, the use of traditional medicine information on plant research has again received considerable interest. The renewed interest in medicinal plants has focused on herbal cures among indigenous populations around the world. Ethanopharmacology and drug discovery using natural products has remained an important issue in the current target-rich, lead-poor scenario. [26] Considering the above facts and circumstantial clinical and epidemiological evidences, there is an urgent need of exploring plant wealth for the identification of novel, safe and effective anti-inflammatory agents. Nevertheless the standardization of herbal drugs is an essential issue for converting botanicals into therapeutic modalities. The present investigation is an attempt to explore the antioxidant and COX (a key enzyme implicated in inflammation) inhibitory potential of the selected medicinal plants.
MATERIALS AND METHODS

Materials
The COX-1 & 2 (human ovine) inhibitor Screening assay kit [Catalog No. 760111] was obtained from Cayman, U.S.A., DPPH (1,1-diphenyl-2-picryl hydrazyl), MTT (3-(4,5-
The arachidonic acid oxygenation occur in the COX active site, and PGG 2 reduction occurs in the peroxidase active site. PGG 2 diffuses from the COX proteins and is transformed by different tissue specific isomerases to prostaglandins which are responsible for inflammation. [6] The reaction catalyzed by COX-1 and COX-2 is shown in (Figure 1 ). Moreover the process of inflammation is also mediated by number of free radicals. Importantly, studies conducted over the past 15 years indicate that free radical species (superoxide, hydroxyl radicals, nitric oxide, peroxynitrite, and the free radical-derived product hydrogen peroxide) play an important role in inducing and modulating the inflammations. [7] Currently the non-steroidal anti-inflammatory drugs (NSAIDs) such as aspirin, ibuprofen, naproxen, and rofecoxib are widely used for the treatment of inflammation and inflammatory disorders. [8] Unfortunately, besides the excellent anti-inflammatory potential of the NSAIDs, the severe side effects such as gastrointestinal (GI) ulceration, perforation, obstruction, and bleeding has limited the therapeutic usage of NSAIDs. [9, 10] The mucosal irritation occurs due to the acidic nature of most of NSAIDs and inhibition of production of mucosal protective PGE which leads to gastric erosion. [11] It is estimated that in U.S. the annual death rate from NSAID-induced gastrointestinal bleeds is around 0.08 %. [12] This is consistent with the idea that inhibition of COX-1 underlies the gastrointestinal side effects of NSAIDs and that NSAIDs selectivity toward inhibition of COX-1 over COX-2 correlates with their ability to cause gastrointestinal side effects. [13] [14] [15] The clinical and epidemiological data indicates that NSAIDs are also [27] . Voucher specimens (B13-B18) of the collected plants were deposited in the herbarium centre of the host Institute. The shade dried and powdered plant samples were preserved for further investigations.
Sequential Extraction of the plant samples
The shed dried powdered plant samples (~10gm) were sequentially extracted in water, ethanol and hexane up to 8 hours using Soxhlet's apparatus. The extracted samples were evaporated under reduced pressure at room temperature. The dried extracts were preserved for further analysis.
HPTLC Analysis
HPTLC analysis was performed using CAMAG (Germany) make instrumental thin layer chromatography. TLC plates (Merck silica gel 60 F254, 20 cm × 10 cm) were prewashed with methanol. The plate was activated in an oven at 100 0 C for 10 minutes. Individual plant extracts of 10µl (1mg/ml) were spotted onto the precoated plates using a Linomat 5 application system. Rutin hydrate (5, 10 and 20µg/ml) was used as a marker flavonoid. The flavonoids were separated using ethyl acetate: formic acid: glacial acetic acid: water (100:11:11:27) as a mobile phase. Natural product (NP) reagent was used as a flavonoid derivatizing agent and the spots developed were visualized under CAMAG UV cabinet (254 and 366 nm) and were digitized using CAMAG photo documentation system. The HPTLC finger print image of derivatized flavonoids is shown in (figure 2).
COX inhibition assay
The assay was performed by using Colorimetric COX (human ovine) inhibitor Screening assay kit [28] . Briefly, the reaction cocktail contained, 150 µl of assay buffer, 10 µl of heme, 10 µl of enzyme (either COX-1 or COX-2), and 10 µl of plant sample (1mg/ml, in 0.5 % DMSO). The assay utilizes the peroxidase component of the COX catalytic domain. The peroxidase activity can be assayed colorimetrically by monitoring the appearance of oxidized N,N,N',N'-tetramthyl-p-phenylenediamine (TMPD) at 590nm. Aspirin (acetylsalicylic acid, 1 mM) was used as a standard drug. The percent COX inhibition was calculated using following equation:
Where T = Absorbance of the inhibitor well at 590 nm C = Absorbance of the 100 % initial activity without inhibitor well at 590 nm DPPH radical scavenging assay DPPH (1, 1-diphenyl-2-picrylhydrazyl) radical scavenging assay was carried out as per reported method with slight modifications [29, 30] . In brief, 1 ml of test solution (individual plant extract) was added to equal quantity of 0.1 mM solution of DPPH in ethanol. After 20 min of incubation at room temperature, the DPPH reduction was measured by reading the absorbance at 517 nm. Ascorbic acid (1mM) was used as reference compound.
OH radical scavenging assay
The OH radicals scavenging activity was demonstrated with Fenton reaction [31] . The reaction mixture contained, 60µl of FeCl 2 (1mM), 90µl of 1-10 phenanthroline (1mM), 
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Ex-Microplate Reader (M 51118170) and the % cell viability was calculated. The H 2 O 2 (1mM) was used as cytotoxic cytotoxic agent. The DPPH, OH, SOR scavenging activity (%) and cell viability inhibition (%) was calculated using following formula. 
RESULTS
HPTLC Profiling
As a part of standardization of selected herbal samples HPTLC analysis was performed for making a finger print of ethanol soluble flavonoids using rutin as a marker flavonoid ( Figure 2 ). The results of the HPTLC analysis shows the more diversity of flavonoid content in P. longifolia moreover this is the only sample containing 1.5 % of rutin concentration, while all other sample were devoid of rutin content.
Effect of selected plant extracts on COX-1 & 2 activities
The profile of COX-1 and 2 inhibition studies shows that the majority of plant samples show considerable COX-2 inhibition as compared to COX-1 (Table 1 & 2). Amongst the tested plants the E. axillare factions in water, ethanol and hexane extract (1mg/ml) showed more inhibition of COX-2 than COX-1. It was also observed that the ethanolic extract of most of the plant samples, except P. longifolia showed more inhibitory effect on COX-2 than the COX-1. The ethanolic extract of C. multiflorum showed maximum inhibitory effect on COX-2 (63.24 ± 0.040 %) while V. nigundo had a minimum effect on COX-2 activity (07.37 ± 0.020 %). The water extract of all the plant samples 2.4 ml of phosphate buffer (0.2M, pH 7.8), 150µl of H 2 O 2 (0.17M) and 1.5 ml of individual plant extract (1mg/ml). The reaction was started by adding H 2 O 2. After 5 min. incubation at room temperature, the absorbance was recorded at 560nm. Ascorbic acid (1mM) was used as reference compound.
Superoxide radical (SOR) scavenging assay
The superoxide anion scavenging assay was performed by the published method [32] . Superoxide anion radicals were generated in a non-enzymatic Phenazine methosulphateNicotinamide Adenine Dinucleotide (PMS-NADH) system through the reaction of PMS, NADH and Oxygen. It was assayed by the reduction of Nitroblue tetrazolium (NBT). In this experiment superoxide anion was generated in 3ml of Tris HCL buffer (100mM, pH 7.4) containing 0.75ml of NBT (300mM), 0.75ml of NADH (936 mM), and 0.3ml of plant sample (1mg/ml). The reaction was initiated by adding 0.75ml of PMS (120 mM) to the mixture. After 5min. of incubation at room temperature the absorbance at 560nm was measured in spectrophotometer. Ascorbic acid (1mM) was used as reference compound.
MTT Cytotoxicity assay
The MTT cytotoxicity assay was performed as reported previously. [33] [34] [35] The Chang liver cells were harvested (4.5 × 10 4 cells/well) and inoculated in 96 well microtiter plates. The cells were washed with phosphate buffered saline (PBS) and the cultured cells were then inoculated with and without the individual ethanolic plant extract (1mg/ml). After 72 hrs incubation, the medium was aspirated followed by addition of 150 µL of MTT solution (5 mg/mL in PBS, pH 7.2) to each well and the plates were reincubated for 4 hrs at 37 °C. After incubation time, 800 µL of DMSO was added to the wells followed by gentle shaking to solubilize the formazan crystal for 15 min. Absorbance was read at 540 nm using Thermo make Automatic The summary of OH radical scavenging activities has been shown in (Table 4 ). In general, except the water extract of V. nigundo, all other water extracts (1mg/ml) of the selected plant samples showed effective OH radical stabilizing potentials in a range of 03.85 ± 0.040 -26.92 ± 0.030 % . None of the hexane extract of plant sample showed OH radical scavenging activity. The ethanolic extract of C. multiflorum (28.85 ± 0.025 %) was found to be hyper reactive towards OH radicals whereas the water extract of A. mexicana (03.85 ± 0.040 %) showed minimum effect on OH radicals.
SOR scavenging activity
The results of SOR scavenging activities are summarized in (Table 5 ). Again, the water extracts of all plants were observed to be effective towards stabilizing the SOR, which demonstrated the SOR scavenging activity in the range of 48.34 ± 0.036 -60.94 ± 0.035 %. Surprisingly, none of the ethanolic extract of plant samples showed SOR scavenging activity. The water extract of A. mexicana (60.94 ± 0.035 %) showed maximum SOR scavenging effect, while hexane extract of the same plant demonstrated minimum effect (17.26 ± 0.045%).
inhibited COX-2 & 1 activity in a range of 08.42 ± 0.020 -42.13 ± 0.030 % and 12.83 ± 0.035 -27.64 ± 0.030 % respectively. Aspirin, a reference compound was found to inhibit COX-2 activity (11.15 ± 0.021 %) more as compared to COX-1 (08.82 ± 0.028 %).
DPPH radical scavenging activity
The results of DPPH reduction are summarized in (Table 3) . It is clear from the results that the water extracts of all plant samples (1mg/ml) were found to interact with the stable free radical DPPH, which indicates their radical scavenging ability. The overall range of DPPH radical scavenging activity was found to be 06.24 ± 0.030 -68.75 ± 0.030 %. Moreover the ethanolic extracts of all the samples except, C. multiflorum showed significant DPPH radical scavenging activity in a range of 07.18 ± 0.030 -64.24 ± 0.040 % as compared to ascorbic acid (82.54 ± 0.021 %). It was observed that, the hexane extracts of only two plant samples A. mexicana (36.14 ± 0.035 %) and C. multiflorum (33.36 ± 0.020%) were found to interact with DPPH radicals. The maximum activity (68.75 ± 0.030 %) was observed in water extract of A. mexicana, while minimum (6.24 ± 0.030) interaction was recorded in water extract of V. nigundo. Ethanolic extracts (1mg/ml) of the selected plant samples were evaluated for their cytotoxic effects on Chang Liver cells using MTT assay. The results of the cytotoxic activity of crude extracts of these plants are summarized in (Table 6) . At 1mg/ml concentration, none of the plant extract showed cytotoxic effects except the negligible cytotoxicity demonstrated by the extract of P. longifolia (0.15 ± 0.040 %) as compared H 2 O 2 (4.92 ± 0.021 %). plants like terpenoids and flavonoids has significant antiinflammatory activity by inhibiting COX. [36] [37] [38] However, several plant iridoids, iridoid glucosides (aucubin, catalpol, gentiopicroside, swertiamarin, geniposide, geniposidic acid and loganin) and an iridoid aglycone (genipin) were investigated as anti-inflammatory agents. [39] The Indian spice turmeric, Curcuma longa L. possessing curcumin (and synthetic analogs) have established reputation as an anti-inflammatory agent by inhibiting COX-1 and COX-2 [40] . However several records have found that the plants as, Siphonochilus aethiopicus [41] , Erythrina sp. [42] , Eucomis autumnalis [43] posses a significant COX inhibitory activity. The COX-1 and 2 inhibition activities demonstrated by various fractions of the selected plant samples might be due to presence of aforesaid phytochemicals, moreover the HPTLC flavonoids finger prints (Figure 2) indicates the presence of diverse mixture of flavonoids present in the selected medicinal plants.
Free radicals especially the reactive oxygen species (ROS) are proposed to be the key players in the pathophysiological mechanisms associated with various inflammatory disorders. [44] There are several compounds (hydrogen donor) that interact with DPPH radicals and reduce them to corresponding hydrazines. [45] It has been reported that the compounds possessing significant reducing potential can be considered as potential candidate for designing a novel anti-inflammatory agent that may adversely interact with enzyme COX. [46] Equally, the OH and SOR radicals have been implicated to play a critical role in the physiological control of cell function. [47] These radicals react indiscriminately with high rate constant with almost every type of biomolecules found in living cell such as, sugars, amino acids, phospholipids, DNA bases, organic acids and may deviate the cells from its normal physiological functions. [48] The active antioxidants like ascorbate, glutathione, urate, flavonoids, tocopherols, carotenoids and hydrooycinnamic acids present in plants may be the contributing factors for scavenging of DPPH, OH and SOR radicals. [49] The herbal toxicity is a key issue to be addressed to the consumers; nevertheless it is a basic prerequisite for converting botanicals into therapeutic modalities. The plants described in the present investigations can be considered safe for making other herbal formulations for health amelioration.
CONCLUSION
In conclusion, the result of the present studies indicates the potential of selected botanicals as a possible resource for the design or development of novel safe and effective anti-inflammatory agents. As some of the above examples illustrate often activity cannot be linked to a single compound, the activity results from several active compounds. There might be additive or synergistic effects of the compounds, something we have not tested, and which generally is an
